Biogeochemical cycling and remote sensing by Peterson, D. L.
Research i s  underway a t  the N4SA Ames Research Center tha t  i s  
concerned w i t h  aspects of  th- n i t rogen cyc le  i n  t e r r e s t r i a l  
ccosyatems. A n  i n t e r d i s c i p l i n a r y  research group is attempting t o  
c w e l a t e  n i t rogen transformations, processes, and p r o d u c t i v i t y  w i t h  
var iables that  can be remotely sensed. Recent NASA and other 
publ icat ions concerning biogeochemical cyc l i ng  a t  g lobal  scales 
i d e n t i f y  a t t r i b u t e s  of  vegetation tha t  could be re la ted  or  explain the 
spa t ia l  va - i a t i o n  i n  b i o l o g i c a l l y  funct ional  variables. These 
funct ional  var iables include net primary product iv i ty ,  annual n i t rogen 
mineral izat ion, and poss ib ly  the  emission r a t e  o f  n i t r o u s  oxide f r o m  
soi 15. 
Leaf area index of  temperate coniferous fo res ts  has been 
estimated using remote sensing. Leaf area index ( L A I ) ,  the one-sided 
projected area of canopies t o  a unit 0; ground area, has been 
consis tent ly  i d e n t i f i e d  a5 a key s t ruc tu ra l  variable. Canopy 
rad ia t i on  models show tha t  increased lea f  layers  i n  a canopy produce 
increased ref lectance i n  the  i n f ra red  reg ion and tha t  t h i s  property i s  
asymptotic a t  LAI=7-8 (Fig. 5-20). The ref lectance i n  the i n f r a r e d  
region i s  measured by band 4 (0.90 microns) on the Thematic Mapper 
(TM) s a t e l l i t e  o r  by simulated TM data obtained by the Daedalus 
scanner on the NASA U-2 a i r c r a f t .  Photosynthet ical ly ac t i ve  
rad iat ion,  especia l ly  i n  the  red  region, i s  s t rong ly  absorbed by 
leaves. I n  f u l l y  developed forests, the ref lectance i n  the  red  region 
i s  very l o w  and asymptotic a t  on ly  LAI=2-5. The red region 
measurements are complicated by radiance added due t o  atmospheric 
sca t te r ing  and the va r ia t i on  due t o  transmittance as a f rmct ion of  
path length through a i r  masses. We are evaluat ing these e f f e c t s  w i th  
he l icopter  measurements d i r e c t l y  above the  canopies of our chosen 
research s i t e s  using a por tab le f i e l d  radiometer. I n  addi t ion,  the 
lack o f  r e l i a b l e  atmospheric correct ion algori thms f o r  land scenes 
force us t o  compensate by using only  r e l a t i v e  values or  ra t i os .  W e  
use band 3 t o  normalize the band 4 measurements which compensate f o r  
small d i f ferences between si tes.  However, t h i s  r a t i o  does not remove 
the in f luence on s e n s i t i v i t y  t ha t  pre l iminary ca lcu la t ions  show reduce 
the s e n s i t i v i t y  t o  LA1 by a fac to r  of about four. 
To obta in  a range o f  LCII, we selected s i t e s  tha t  fullaw a 
temperature-moisture gradient across west-central Oregon. Leaf 
development irl Oregon coniferous forests  respond t o  t h i s  gradient from 
mi ld  and moist temperatures on the coast t o  hot temperatures and dry  
s i t e s  i n  the  desert (Fig. 1-21]. Net primary p roduc t i v i t y  was re la ted  
t o  L A 1  by Henry Gholt (Fig. 1-22]. Most of  the fo res t  stands ( s i t e s )  
are dense, mature fo res ts  w i t h  near ly closed canopies (a major source 
of  va r ia t i on  in remotely sensed data) . Dimensional measurements w e r e  
made a t  each s i t e  and applied to a l lomet r ic  r e l a t i o n s  t o  der ive stand 
leve l  l ea f  biomass and area. The re la t i onsh ip  of these L A 1  estimates 
t o  the r a t i o  of  bands 413 ( in f rared/ red ref lectance)  i s  s t i u w n  i n  
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Figure 1-20, Thewe+.icel models of rebleeted radiation using 
deterministic methods for plant canopies. Courtesy of NASA 
A m e r  Research Center. 
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Figure 1-21. Location of transect md vegetation z m e s  in 
Oregon. 
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Figure 1-23. A good predictive relationship exists between both the 
linear and legerithmic curves. The log relationship appears to M t C h  
th9 asymptotic behavior best, and this is amre consistent with d e l  
expectations. 
WI are beginning to u w  high qx#ctrrl r e w l u t i m  remote! sensing 
data for deriving canopy biochemistry. Data err being synthesized 
from wvwrl ~ll-emtablished remearch sites in M a r k 9  and Wisconsin 
end 0th- areas fur forests of different fertilities and contrasting 
#rvirorrcp#rtr. The ryntherrir will be usmi to develop and test 8 
semi-mechanistic prmcess-level d e l  that combines plant-uater 
relations, carbon as~ioil~ti#r-~rlocati~, and nitrogen-phoaphorus 
cycling. Ewtimat6?s of total c m a p y  nitrogen, phosphorus, and lignin 
content together with microclimate will be usid to drive the del. 
This mods1 is designed to use? r m t e l y  sensed inputs, particularly 
lea+ chemistry. 
Total canopy nitrogen, phosphorus, and lignin content are the 
required inputs for remote sensing. N i t r o g e n ,  for example, is bound 
up primarily in chlwophylls and the proteins of leaves. Each organic 
constituent of leaves has unique absorption properties due to specific 
stretching frequencies of the chemical bonds, This fine spectral 
information cannot be oaserved with broad-band satellites such as the 
r#, However, new scanners era now available to make high spectral 
resolution (10 nm) between 1400 and 2400 naa <later from 400 to 2400 
nm) measurements using the Airborne Imaging Spectrometer from JF'L. 
The spectral curvms for the four arar jw  leaf constituents - proteins, 
water, oils, and carbohydrates - are shw. in Figure 1-24. Through a 
coohination of wet chatmica1 and spectrophotometric analyses, we plan 
to develop multi-linear regressions and related corelation tcc;-c,5 +es 
rhich can be used to infer these biahemica?. variables f r o m  the 
scanner. 
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